A 4.8-kilobase-pair plasmid was isolated from the ruminal bacterium Selenomonas ruminantium HD4 by using a sodium carbonate-EDTA washing buffer to improve cell lysis (R. G. Dean, S. A. Martin, and C. Carver, Lett. Appl. Microbiol. 8:45-48, 1989). This plasmid, designated pSRl, appears to be quite stable. No evidence of plasmid DNA was detected in S. ruminantium D or GA192. All three strains were tested for antibiotic resistance, and all were kanamycin resistant (MIC, 25 to 50 ,ug/ml). Only strain D was tetracycline resistant (MIC, 25 ,ug/ml), and all strains were sensitive to ampicillin (MIC, 1 ,ug/ml). pSRl was cloned into pBR322, and a map of pSRl was constructed by using HindI, ClaI, BamHI, and Pvull. Although ClaI, BamHJ, ScaI, and EcoRV digested recombined plasmid isolated from Escherichia coli, these restriction endonucleases were not effective in digesting plasmid isolated directly from S. ruminantium HD4.
Genetic engineering of ruminal bacteria has been proposed as a way to enhance feedstuff utilization and alleviate problems associated with current feeding practices (10, 16, 17) . Unfortunately, little is known about ruminal bacterial genetics, and procedures for the isolation, characterization, and transfer of genetic material between these organisms have not been developed. For genetic engineering to be successful in these bacteria, suitable genetic vectors, hosts, markers, and transfer systems are needed. The most promising vectors for ruminal bacteria are endogenous plasmids, and several reports have shown the presence of these extrachromosomal elements in predominant ruminal species (6-8, 15, 18) .
Even though plasmid DNA has been isolated from ruminal strains of Bacteroides ruminicola, Bacteroides multiacidus, Butyrivibriofibrisolvens, and Megasphaera elsdenii (7-9, 11, 18) , little is known about the cellular functions encoded on these plasmids. Flint et al. (9) showed that tetracycline resistance in B. ruminicola 223/M2/7 was associated with a 19.5-kilobase-pair (kbp) plasmid. Cryptic plasmids were identified in Butyrivibriofibrisolvens (15, 18) , and two tetracycline-resistant strains of M. elsdenii were found to possess plasmids (7) .
Selenomonas ruminantium is a gram-negative anaerobe that was originally isolated from the rumen (13) , and this bacterium can achieve numbers up to 51% of the total bacterial counts in the rumen (3, 12) . Plasmid DNA was recently isolated from S. ruminantium HD4 (6) . This plasmid appears to be quite stable; however, it is difficult to purify, and yields are very low. To facilitate the study of this plasmid, we have cloned it into pBR322 and propagated the recombined plasmids in Escherichia coli HB101. In addition, S. ruminantium D, HD4, and GA192 were surveyed for antibiotic resistance, and all three strains were compared for plasmid content.
MATERIALS AND METHODS
Organisms and growth conditions. S. ruminantium D, GA192, and HD4 were used (2) . Basal (6 g/liter) to the basal medium after both were autoclaved. Incubations were performed anaerobically at 39°C in batch culture. E. coli HB101 was grown in Luria-Bertani (LB) broth (14) .
Antibiotic studies. The effects of ampicillin, kanamycin, and tetracycline on the growth of all three strains of S. ruminantium in glucose (2 g/liter) medium was examined.
Each antibiotic was dissolved in deionized H2O under an atmosphere of O2-free CO2 and filter sterilized in an anaerobic glove box (Coy Laboratory Products, Ann Arbor, Mich.). Butyl rubber-stoppered roll tubes that contained 9.5 ml of basal medium, antibiotic, and glucose were inoculated with 0.5 ml of an overnight glucose-grown culture. The final concentration of each antibiotic was between 1 and 50 pug/ml.
Control tubes without added antibiotic were also run. The A6. was read against a blank of uninoculated medium with a Spectronic 20D spectrophotometer (Milton Roy Co.). All incubations were performed in duplicate at 39°C for 24 h, and the variation between tubes was less than 10%. The MIC was defined as the lowest concentration of antibiotic at which there was no measurable growth.
Plasmid isolation. Plasmid DNA was isolated from S. ruminantium by using a sodium carbonate-EDTA washing buffer to improve cell lysis as previously described (1, 6) . Cells (100 ml) were washed once with CE buffer (50 mM sodium carbonate, 25 mM EDTA [pH 10]) and suspended in buffer A (25 mM Tris, 10 mM EDTA, 50 mM glucose). Lysozyme (4 mg/ml) was added, and the mixture was incubated on ice for 15 min. The cells were lysed with 1% (wt/vol) sodium dodecyl sulfate-0.2 N NaOH and precipitated with 5 M sodium acetate, and ethanol was added to the resulting supernatant to precipitate nucleic acids (6) . Precipitated DNA was suspended in TE buffer (25 mM Tris, 10 mM EDTA), treated with proteinase K (20 ,ug/ml) and RNase (50 ,ug/ml), and centrifuged (43,000 x g for 30 min at 4°C). The DNA was then extracted once with phenol-chloroform (1:1) and once with chloroform before the remaining nucleic acids were precipitated with 2 volumes of ethanol at -20°C.
Cloning. pSR1 was cleaved at a unique HindlIl site and purified by electrophoresis with 0.7% (wt/vol) SeaPlaque low-melting-temperature agrose (FMC Corp., Marine Colloids Division, Rockland, Maine). An agarose plug containing approximately 200 ng of cleaved pSR1 DNA was cut from the gel, melted at 65°C, cooled at 37°C, and combined with 100 ng of HindIII-cleaved dephosphorylated pBR322 (New England BioLabs, Inc., Beverly, Mass.). A 9-,ul portion of the combined DNA was mixed with T4 DNA ligase in a reaction volume of 20 ,ul. The mixture was incubated at 15°C for 16 h and heated at 73°C for 5 min, and then 3 ,ul was added to 100 ,u of competent E. coli HB101 cells (Bethesda Research Laboratories, Inc., Gaithersburg, Md.). The cells were incubated on ice for 30 min and then heat shocked for 45 s at 42°C. After the cells had cooled on ice for 2 min, 0.9 ml of SOC broth (2% tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM KCl, 20 mM MgCl2, 20 mM glucose) was added, and the mixture was incubated at 37°C in a shaker for 1 h at 120 rpm. Aliquots were spread on LB agar that contained 50 jig of ampicillin per ml. Ampicillin-resistant colonies were screened for recombinant plasmids by the rapid procedure of Maniatis et al. (14) . Colonies were also tested for inactivation of the pBR322 tetracycline resistance gene by transferring ampicillin-resistant colonies to plates containing 12.5 ,ug of tetracycline per ml.
Restriction analysis and electrophoresis. Plasmids were digested by different restriction endonucleases under the conditions specified by the supplier of each enzyme. Some digestions were carried out on bands cut from gels after plasmid DNA was separated on SeaPlaque low-meltingtemperature agarose (14) . Fragment sizes were estimated by electrophoresis on horizontal SeaKem LE agarose gels (0.8 and 1.2% wt/vol; FMC Corp.) run in 89 mM Tris-borate buffer (pH 8) that contained 2 mM EDTA. After electrophoresis for 3.5 h at 80 V, gels were stained with 0.5 pug of ethidium bromide per ml. HindIII-digested bacteriophage lambda DNA was used as a molecular size standard.
Reagents. Restriction endonucleases were obtained from Promega Biotec, Madison, Wis.; Pharmacia, Inc., Piscataway, N.J.; and New England BioLabs, Lysozyme, Tris, proteinase K, RNase, ampicillin, kanamycin, and tetracycline were from Sigma Chemical Co., St. Louis, Mo. All other reagents were of the highest purity obtainable.
RESULTS AND DISCUSSION
Little information is available concerning the genetics of S. ruminantium. Isolation of plasmid DNA has been claimed previously, but conclusive proof was not presented (7, 11) . One reason for the lack of data may be associated with the difficulty in achieving reliable DNA extraction from this bacterium by using current protocols. We have found that washing S. ruminantium in a carbonate buffer dramatically enhances cell lysis by lysozyme and sodium dodecyl sulfate treatment (6) . By using this method, we can consistently isolate both chromosomal and plasmid DNA from this ruminal anaerobe.
Antibiotic resistance is frequently used as a selective marker in the development of in vitro genetic transfer systems (5 per ml inhibited the growth of all three strains on glucose. Resistance to kanamycin was somewhat variable, with strain GA192 being the most resistant (MIC, 25 to 50 ,ug/ml). These levels of resistance to the aminoglycoside antibiotic kanamycin are not unusual for anaerobic bacteria (4) and may not be indicative of a particular resistance gene in this bacterium. Only S. ruminantium D exhibited any significant resistance to tetracycline (MIC, 25 ,ug/ml). The sensitivity of S. ruminantium HD4 to tetracycline is consistent with a recent report (7) , and these authors also found that S. ruminantium Spec 1 and WPL/151/1 were tetracycline resistant. Flint and Stewart (8) showed that several strains of B. ruminicola and B. multiacidus were resistant to kanamycin and that B. ruminicola 223/M2/7 and B. multiacidus 46/5(2) and P208-58 were tetracycline resistant. B. multiacidus P208-58 was also resistant to ampicillin (8) .
The S. ruminantium HD4 plasmid, designated pSR1, was routinely isolated from more than 80 preparations during the past 18 months. One might expect considerable genetic drift with possible loss of this plasmid if it did not serve an important cellular function. To determine whether plasmid DNA is a common feature in S. ruminantium, we compared two other strains, D and GA192, with HD4 for the presence of plasmid DNA (Fig. 1) . The supercoiled plasmid band from HD4 is shown in lane 2, and previous work has shown that when this plasmid is cut by HindIII a 4.8-kbp linear fragment results (6) . The lanes for both D and GA192 are somewhat overloaded, but no evidence of plasmid DNA in either strain was found by our plasmid isolation procedure. Flint et al. (7) recently reported that plasmids were detected in only 2 of 11 tetracycline-resistant strains of S. ruminantium (FB2 and FB315) and were found in 3 of 5 tetracycline-sensitive strains (521C1, HD4, and JW13). The lack of extrachromosomal DNA in strain D suggests that tetracycline resistance may be chromosomally encoded in this strain. Sensitivity to ampicillin in strains D and GA192 and to tetracycline in strain GA192 can potentially be exploited by creating pSR1 vector derivatives that confer resistance to these antibiotics. Small amounts of plasmid DNA were isolated from S. ruminantium HD4 (6), and so pSR1 was cloned into pBR322 and the recombined plasmids were propagated in E. coli HB101. Eleven colonies were obtained in the preliminary plating of transformed cells and screened for recombined plasmids. One colony showed an insert of the proper size and was grown for plasmid isolation. The remaining colonies harbored the pBR322 vector alone. When tested for tetracycline resistance, all colonies were tetracycline resistant, except the colony with the insert, which was tetracycline sensitive. These results indicated that insertion of pSR1 into the HindIll site of pBR322 inactivated the tetracycline resistance gene.
The recombinant plasmid (pBR/SR) is shown in Fig. 2 . The undigested plasmid (lane 2) migrated to a position of about 12 kbp relative to the HindIII lambda DNA marker. This is slower than one might expect for supercoiled DNA, suggesting that the recombined plasmid may not be completely supercoiled. However, it is clear that the uncut pBR/SR plasmid migrated differently from the 9-kbp linear form seen in the partial Hindlll digest (lane 3). Hindlll digestion of hybrid plasmid also resulted in two bands, corresponding to linear pBR322 at 4.3 kbp and linear pSR1 at 4.8 kbp. The PvuII digest showed a single cleavage site in both pSR1 and pBR322, giving two fragments and linear pBR/SR (lane 4). These data agree with a previous finding that PvuII has a single cleavage site in pSR1 (data not shown). Lane 5 shows a combination HindIII and PvuII digest of pBR/SR.
We have subcultured our transformed E. coli many times, with sustained high levels of plasmid production. Therefore, it appears that pSRl is compatible with both the E. coli host and the pBR322 vector and remains stable. Since the recombinant (pBR/SR) was stable and produced in large quantities, a restriction map of pSR1 was constructed by using pBR/SR (Fig. 3) . Several additional restriction endonucleases digested pSRl but were not mapped. These included RsaI, TaqI, HpaII, Hinfl, and MspI. In addition, MspI and HpaII digested the native pSR1 identically, indicating that there is no HpaII methylase activity in S. ruminantium HD4. While cloning and mapping pSR1, we found that many hexanucleotide-cleaving enzymes did not digest, or digested poorly, pSR1 isolated directly from S. ruminantium HD4. These included EcoRI, ClaI, Sacl, PstI, BamHI, XbaI, KpnI, DraI, EcoRV, ScaI, Sall, BstBI, and BclI. However, several of these enzymes (BamHI, EcoRV, Scal, and ClaI) exhibited improved digestion when pSR1 was cloned into pBR322 and grown in E. coli.
The restriction map of pSR1 (Fig. 3a) shows several sites which could potentially be used to add genes or antibiotic resistance markers. Since strains D and GA192 lack plasmid DNA, they may prove useful as recipients of pSR1 recombinants that carry gene inserts. Alternatively, other plasmidnegative strains of S. ruminantium (7) may be good candidates to receive genetically modified recombinant pSR1. It is likely that these strains will be compatible with the pSR1 plasmid in terms of replicon and gene compatibility. In addition, restriction modification systems are likely to be similar. Differences between E. coli and S. ruminantium modification restriction systems could significantly reduce the ability to transform S. ruminantium with vectors propagated in E. coli. Although E. coli-grown vectors are easily handled, abundant, and open to manipulation by established techniques, recombinant pSR1 vectors that harbor resistance markers or other genes will need protection from restriction, or low transformation rates may result. Overall, the data described in this paper provide a foundation for further studies aimed at investigating and elucidating the genetics of S. ruminantium. The technical support of C. Carver is gratefully acknowledged.
